Abstract: Nutrition-related health problems, such as obesity, stunting, anemia, and high blood pressure are common in Armenia. A large portion of the population lives below the national poverty line, and consumes less than the necessary energy intake per day. Linear programming is used in this study of diet optimization to create a healthy diet for children and adults of different ages at the minimum cost. The model is based on culturally appropriate food products. The study finds that, while average Armenians can afford a healthy diet, their current dietary choices do not meet the requirements of Dietary Reference Intakes (DRIs). Moreover, people earning minimum salary need to spend more than half of their monthly income on food to afford a healthy diet. Based on the study's findings, several policy recommendations are made.
Introduction
Nutrition-related problems are among some of the main health concerns in Armenia. Various studies have suggested that obesity, overweight, and stunting are common among both children and adults (Galea et al. 2013 , NSS, MOH, and ICF 2017 . Other diet-related health problems that are commonly reported in Armenia are high blood pressure, high blood cholesterol, high blood glucose, anemia, and vitamin A deficiency ICF 2017, IFPRI 2015) . Different factors can lead to these health issues, such as the unaffordability of healthier diets, food preferences, low awareness of nutritional requirements, culturally accepted diets, and the lack of knowledge regarding food that is healthy and food that is not. The poverty headcount ratio at 3.2 USD a day is 13.5%, while it is 29.8% based on the national poverty line (World Bank 2015) . At the same time, 60.8% of the population has a daily calorie intake of less than 2100 kcal (NSS 2017).
Thus, in this study, I will answer the following research question: Is meeting the Dietary Reference Intakes (DRIs) affordable in Armenia? The objective of this study is to analyze whether it is affordable to meet the DRIs for children and adults of different ages via food products that are commonly consumed in Armenia. I will use a diet-optimizing linear programming model with the objective of minimizing the cost of the food basket while still meeting the DRIs.
Background
Armenia is a landlocked country situated in the South Caucasus region. The country gained its independence from the Soviet Union in 1991. As was the case for other post-Soviet countries, Armenia experienced a major economic disruption after becoming independent. This resulted in lower living standards, increased poverty rates, and poorer health status (AUA 2002) . In 2015, the total population of Armenia was 3,017,712 (World Bank 2016a). In the same year, the GDP per capita adjusted for purchasing power parity (PPP) was 8,393.5 in current international $ (World Bank 2016b). On average, an Armenian household consists of 3.6 people, with 19% of household members being under the age of 15, and 17% being above 60 years of age (NSS, MOH, and ICF 2012) . In 2015, the unemployment rate in the country was 18.5%, and 106,371 families were receiving family and social benefits (World Bank 2016c) . In 2016, the average monthly nominal salary varied by region from 115,549 AMD in Aragatsotn region to 200,693 AMD in Syunik (NSS 2016b). Region-based monthly nominal salaries can be found in Table 1 .
According to a 2012 report, 19% of children under the age of five in Armenia experienced stunted growth, while 15% was overweight -both conditions are caused by chronic malnutrition (NSS, MOH, and ICF 2012) . The chronic malnutrition rate for children is significantly higher in urban areas outside of Yerevan, which can be attributed to three main reasons:
1. Nutrient-rich food may not be affordable for the urban poor; 2. such food may be unavailable due to their inability to engage in subsistence farming; and 3. people may have developed poor eating habits (WFP 2018).
All three countries in the South Caucasus region -Armenia, Azerbaijan, and Georgiaexperience similar food security issues, including issues related to the availability of and access to sufficient amounts of food, nutrition, and a stable food supply (ISET 2016) . Of the three countries, Armenia has had a law pertaining to food security since 2002; Georgia's Ministry of Agriculture is working on developing such a law in collaboration with other international organizations while, in Azerbaijan, the only legal document on food security is the regulation requiring the compilation of the Food Balance Sheet (ISET 2016).
Estimates from 2008 indicated that 55.5% and 24% of the population in the age group of 20 years and above were overweight and obese, respectively (Galea et al. 2013) . NSS, MOH, and ICF (2017) reported that the percentage of overweight or obese women had increased from 42% in 2000 to 45% in 2015-2016. The report also suggested that 13% of women aged 15-49 had anemia, which can be caused by a low intake of iron (NSS, MOH, and ICF 2017) . In 2014, the prevalence of obesity in the adult population (18 years and older) was similar across the three South Caucasus countries -Armenia (19.1%), Azerbaijan (21.32%), and Georgia (20.85%) (FAO 2014) . The three-year average dietary energy supply adequacy for 2014-2016 was also similar in the regions, with 121% for Armenia, 131% for Azerbaijan, and 118% for Georgia (FAO 2016) . Data for 2008 on diet-related metabolic risk factors indicated that 48% of the population in Armenia had high blood pressure, 41% had high blood cholesterol, and 12% had high blood glucose (IFPRI 2015) . The same report showed that 11% of children aged 6-59 months had a vitamin A deficiency (IFPRI 2015) . The percentage of the population for whom bread and potatoes constituted 70% of the food ration in the urban and rural areas was 12.2% and 17.5%, respectively (NSS 2015) .
In addition to the health problems associated with dietary choices in Armenia mentioned above, unhealthy eating can also lead to the increased risk of strokes, cancer, dental caries, asthma, and neurocognitive disorders, as well as to congenital anomalies (HHS 2015 , Shepherd et al. 2006 . Overall, fruits, vegetables, whole grains, legumes, seafood, and nuts are considered healthy foods; lower intakes of meat and poultry can also form part of healthy eating patterns (HHS 2015) .
Multiple studies from different countries have shown that healthier diets actually cost more than do less healthy diets (Darmon and Drewnowski 2008 , Andrieu, Darmon, and Drewnowski 2006 , Rydén and Hagfors 2011 . However, others have suggested that a wellplanned food basket may be healthier and cheaper than are foods obtained from convenient sources (McDermott and Stephens 2010) . There is a comprehensive review of the literature on price differences between healthier and less healthy food products (Rao et al. 2013) . The existing literature suggests strategies for limiting access to low-cost food containing high quantities of added sugar, added fat, and a high refined grain content, as well as for limiting the advertising of soft drinks (Fried and Nestle 2002) or discouraging snack consumption through taxation (Jacobson and Brownell 2000) .
Previous studies have used diet optimization via linear programming to meet nutritionally optimal dietary needs (Ferguson et al. 2004 , Okubo et al. 2015 , to develop food plans (Maillot et al. 2010) , and to adjust these to attain different goals, such as cancer prevention (Masset et al. 2009 ). When implementing diet optimization, it is necessary to not only meet the DRIs, but also to include local and culture-specific food products to achieve practical dietary guidelines that promote healthy food choices (Okubo et al. 2015) . To the best of my knowledge, there have not been other studies analyzing the affordability of meeting DRIs via culture-specific food products in Armenia or in the region.
Data and Method
One way to meet the objectives of this study was to use the Cost of the Diet (CoD) software developed by Save the Children. CoD has been used to determine cost-effective food fortification strategies, to identify nutrient deficiencies in commonly consumed food products within a country context, and to model healthy diet choices at the lowest cost (Biehl et al. 2016 , Baldi et al. 2013 , Frega et al. 2012 . Perry et al. (2017) conducted a detailed study that described the software, the databases on which it relies, its applications, and its limitations. However, instead of using CoD, I built a linear programming model in Excel using Solver for the following three reasons:
(1) The diets recommended by CoD are based on 16 individual requirements -energy, protein, fat, and 13 vitamins and minerals (Perry et al. 2017) . The model used in this study extends the number of these requirements to 28. The choice of the 28 requirements (Appendix A) was based on the recommended dietary allowances and adequate intakes of elements, vitamins, and macronutrients, as well as on the tolerable upper intake levels of vitamins and elements as reported by the National Institutes of Health (Ross et al. 2011) . While this allows for individual-specific diet recommendations, it is less generalizable for policy recommendations. Given Armenia's population characteristics and family composition, the model used in this study is based on the DRI requirements for the following 11 population groups (Ross et al. 2011): a. Children of either sex aged between 1-3 years; b. children of either sex aged between 4-8 years;
c. females/males aged between 9-13 years; d. females/males aged between 14-18 years; e. females/males aged between 19-50 years; f. females/males aged between 51-70 years; and g. general: a 2100 kcal/day threshold, which is used to differentiate a poor energy intake from an adequate intake (Papavero et al. 2016 , NSS 2016b .
(3) CoD requires survey data, while the model used in this paper allows for meeting the objective of the study by using data that are publicly available.
The problem can be represented algebraically as follows: indicates that, for the purposes of this study, 50 food products have been selected.
In other words, this optimization problem states that the model should select a basket of products that meets the recommended dietary allowance of calories, vitamins, elements, and macronutrients, and which does not exceed the tolerable upper intake levels, at the cheapest cost.
It also sets a combined restriction on the portions of fruits and vegetable recommended by the model at 800 g, of which at least 160 g should be fruits. This restriction is based on a recent meta-analysis, which found that consuming up to 800 g of fruits and vegetables a day is associated with a reduced risk of heart disease, stroke, cardiovascular disease, and cancer, as well as with a reduction in premature deaths (Aune et al. 2017 ). In addition, HHS (2015) recommended consuming at least two cups of fruits per day, which is equivalent to approximately 160 g. The portion limits for onion and garlic are 50 g/day and 5 g/day, respectively, based on the World Health Organization's recommendations (WHO 1999). The added sugar consumption limit is set at 36 g/day for men, and 25 g/day for women, based on the American Heart Association's recommendations (Johnson et al. 2009 ). The upper limit for yogurt is set at 200 g/day, given that it has been studied in clinical trials in amounts of up to 200 g/day (Arrigoni et al. 1994 , Shermak et al. 1995 , Rosado et al. 2005 , Zemel et al. 2005 , Tavani et al. 2002 .
In total, 50 products have been selected and placed into six categories: grains and coproducts, protein products, dairy, vegetables, fruits, and others. Other studies with similar objectives from different countries have used 18-78 products (Darmon, Ferguson, and Briend 2002b , Mamat et al. 2011 , Ferguson et al. 2006 , Biehl et al. 2016 . The full list of products, their respective prices, and the price sources used in the model are presented in Table 2 . The choice of products is based on food items having at least three grams of per capita consumption a day, as reported in the National Food Balances (NSS 2016a). However, since only 33 out of 41 products reported in the National Food Balances meet this requirement, 17 additional culturally appropriate products were included. These 17 additional products are either processed products that are not included in the National Food Balances, which play an important role in the Armenian cuisine, such as lavash, wheat bread, and Lori cheese, or products that may not be consumed separately in large quantities but which are essential ingredients in some of the commonly consumed meals, such as grape leaves. The larger number of products included also allows the model to 'recommend' food baskets that have more product diversity.
[ Table 2 here] Product prices were collected primarily from three sources: www.globalprice.info (2017), www.numbeo.com (2017), and SAS (2017), which is one of the upper-class supermarkets in the capital of Armenia, Yerevan. Price information for (middle-class) supermarkets or stores is not publicly available, and the National Statistical Service stopped providing average consumer prices after 2010. In this study, 30 out of 50 product prices were taken from SAS (2017). In a 2015 local newspaper article, the prices of 26 commonly consumed food products were compared across four major supermarkets, namely Yerevan City, which primarily targets lower to upper middle-income consumers, Parma, Nor Zovq, and SAS www.yerevan.today (2015).
However, only 13 out of 30 products that are based on the SAS prices in this study were available in the news article and, for those products, the SAS prices were 20% higher on average than were the Yerevan City Supermarket prices.
The amounts for the recommended daily intake of calories were taken from the 2015-2020 Dietary Guidelines for Americans (HHS 2015) due to the lack of similar recommendations specifically for Armenians. Given that the Dietary Guidelines for Americans are based on a combination of methods that examine the scientific evidence for the relationship between diet and health, they can also be applied to the Armenian population. Overall, there is a limited evidence base, little data collection, and limited monitoring of food security and nutrition in Armenia (WFP 2018). The nutritional contents of the edible portions of these 50 products are based on National Nutrient Database for Standard Reference (SR28 2016).
Results
The food baskets recommended by the model differ across the population groups. A full list of recommendations can be found in Appendix B. Food products that were not selected by the model are excluded from Appendix B. On average, the food baskets consist of 13 products.
Other studies have reported a similar number of food products recommended by their models Briend 2002a, Frega et al. 2012) . The 'general' group and the group of females aged 9-13, have the least diverse food baskets, consisting of ten products. Males in all age groups and the 4-8-year olds have the most diverse food baskets, consisting of 14 products.
Certain products are strongly 'preferred' by the model, which means that these products are recommended for almost all the population groups. Those food products are lentils, wheat bread, lavash, whole milk, plain yogurt, sunflower oil, granulated sugar, apricots, grapes, cabbage, carrot, spinach, and potato. Most protein products are recommended in negligible amounts, or are not recommended at all by the model. This is in line with the literature, which generally recommends higher intakes of fruits, vegetables, whole grains, and lower intakes of meat and poultry (Shepherd et al. 2006) . After running the model for all 11 population groups, the results (Table 3) suggested that it would cost 2.48 USD per day to meet the DRIs for males aged 14-18, making this the most expensive group. The next most expensive group is females aged 14-18, for whom the recommended food basket would cost 2.09 USD per day. The 'general' group, which is based on the general recommendations for the DRI and does not consider sex or age, would need to pay 2.00 USD per day to meet the nutritional requirements. According to the model's results, the nutritional requirements of children aged 1-8 years can be met by spending only 0.76-1.05 USD per day. In general, the food baskets recommended by the model are more expensive for males than they are for females in the same age ranges.
[ Table 3 here] According to the National Statistical Service of Armenia (2017) earning an average monthly wage would need to spend about 14.5 or 25% of the monthly income, respectively, to have a healthy diet. A family consisting of a couple of opposite sexes aged 18-50, with one female and one male child both aged 14-18, and both parents earning a minimum monthly wage, would need to spend about 110% of the monthly income to afford a healthy diet for the entire family. However, assuming both parents earn an average monthly wage, the percentage of the monthly income spent on food would need to be about 53% in Aragatsotn, or 30% in Syunik. Different family scenarios can be considered for policy recommendations.
The National Food Balances database (NSS 2016a) provides per capita consumption (g/day) data for 33 of the 50 products included in the model (Appendix C). If, on average, the daily food basket consists of these 33 products in the given amounts, that diet does not meet the general recommendations of the DRI. It only meets the DRI for protein, vitamins A, B6, B12, C, riboflavin, and for calcium, phosphorus, selenium, potassium, and sodium. However, the consumption of added sugar is about 65% higher than the amount recommended by the American Heart Association. This diet costs about 2.39 USD, which is more than the cost of any of the model's recommended diets that meet the DRI requirements, except for the diet recommended for males aged 14-18.
Given that the consumption levels reported in the National Food Balances do not meet most of the DRI requirements, one of the model specifications was to keep them at least at their current levels and to add either more products to the basket or to increase the consumption levels to meet all the DRIs. With this additional constraint, the model's recommended minimum-cost food basket becomes 22 USD per day for the 'general' group, and fails to meet the combined restriction on the portions of fruits and vegetables of less than 800 g. Without the latter restriction, the model's recommended food basket costs 5.65 USD per day for the 'general' group, and the model recommends increasing the consumption of trout from 17 to 21.8 g per day, of pears from 12 to 66.5 g per day, of strawberries from 8.8 to 22.5 g per day, of cabbage from 30 to 36 g per day, and of tomatoes from 190 to 1042 g per day (which is an unrealistic recommendation). At the same time, this specification recommends reducing the consumption of chicken breast from 33.2 to 10.32 g per day, of milk-from 738.3 to 618 ml per day, and of garlic from 7.6 to 5 g per day.
In general, to meet the DRI requirements, the model recommends increasing the consumption of the following products:
-lentils from the current 1.5 g per day to 28-226 g per day, depending on the age/sex category; -apricots from 66.4 g per day to 108-327 g per day, depending on the age/sex category; -grapes from 12.2 g per day to 51-160 g per day, depending on the age/sex category; -cabbage from 29.6 g per day to 55-164 g per day, depending on the age/sex category; and -potatoes from 190 g per day to 295-588 g per day, depending on the age/sex category.
A sensitivity analysis (SA) suggests that, in order for the model to recommend the consumption of protein products (such as lentils, black beans, chicken breast, pork, and white fish) to the 'general' group, the prices should decrease by at least 24%. For the same group, the prices of fruits need to decrease by at least 18% to include more fruits in the recommended food basket. The price of vegetables should be decreased by at least 13%, depending on the product, for the model to recommend vegetables to the 'general' group. All the sensitivity analyses can be obtained upon request.
Conclusion and Discussion
Given that many people in Armenia have diet-related health problems in addition to having low incomes, the study's objective was to minimize the cost of a daily basket of healthy food based on the nutritional needs of children and adults in different age groups. In general, the model does not recommend the consumption of meat and poultry products due to their prices and nutritional values, whereas fruits and vegetables, as well as whole milk, yogurt, lentils, and wheat bread are part of the model's recommended food baskets.
Based on the study's results, I conclude that, while average Armenians can afford a healthy diet, their current diet does not meet the DRI recommendations. This can be attributed to the fact that most Armenians, regardless of their social status, lack knowledge about nutrition (WFP 2018), which leads to diet-related health issues. Thus, one of the policy implications is that the government should increase the awareness of healthy dietary choices among the population.
One of the contributions of this study is that it will allow policy makers to compare the current consumption patterns with those recommended by the model, and to take necessary steps to address age, social status, and sex-specific diet-related health issues.
Another finding is that the minimum-wage earners can only have healthy diets if they spend more than half of their income, and sometimes more than their entire monthly income, on food products. Therefore, I recommend studying the option of implementing programs that would allow the low-income households to afford healthy food choices, such as the Supplemental Nutrition Assistance Program (SNAP) in the United States, which could lead to reduced healthcare costs due to a potential reduction in diet-related health issues in the population. It is also recommended that the population be informed about the recommended daily limits for added sugar consumption given that, on average, Armenians consume almost 65% more added sugar than is recommended by the American Heart Association.
The study has a few limitations. One of the limitations is that only 50 food products are included in the model, which limits the number of choices the model can suggest. Second, not all food prices are representative of Armenia's average prices, given that most of them were obtained from one of the upper-class supermarkets in Armenia, which generally offers products at higher prices. Next, while vitamin D, iodine, chromium, molybdenum, and biotin DRIs can be obtained easily, their values per serving size for the 50 products included in this model are either not determined or are not reported. Therefore, these five nutritional elements are not included in the model. Future extensions of this study could include a bigger variety of food products and could use prices that are closer to the national average, if these can be found. Otherwise, a survey of prices could be done as part of a study. For policy purposes, it would be useful to estimate the costs and benefits of promoting healthy eating, as well as of implementing programs such as SNAP. 
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